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Introduction
Following the finding by the InterComparison of Radiation Codes used in Climate Models (ICRCCM) of large differences among fluxe_ predicted by sophisticated radiation models that could not be 6orted out because of the lack of a set of accurate atmospheric spectral radiation data measured simultaneously with the important radiative properties of the atmosphere, our team of scientists proposed to remedy the situation by carrying out a comprehensive program of measurement and analysis called SPECTRE (Spectral Radiance Experiment).
SPECTRE will establish an absolute standard against which to compare models, and will aim to remove the 'hidden variables' (unknown humidities, aerosols, etc.)
which radiation modelers have invoked to excuse disagreements with observation. The data to be collected during SPECTRE will form the test bed for the second phase of ICRCCM, namely verification and calibration of radiation codes used in climate models.
This should lead to more accurate radiation models for use in parameterizing climate models, which in turn play a key role in the prediction of trace-gas greenhouse effects.
This report summarizes the activities of our group during the project's first year to meet our stated objectives. The report is divided into sections on SPECTRE and ICRCCM activities. The section on SPECTRE summarizes the steps we've taken to prepare for the field experiment scheduled for November 1991, whereas the section on ICRCCM summarizes the progress made in ICRCCM during the past year.
SPECTRE Activities
The overall plans for SPECTRE are proceeding as outlined in the original proposal.
The site for the experiment will be located at the Coffeyville, KS airport and the logistical arrangements for our participation is being coordinated with the NASA FIRE Project
Office. The activities in preparation for SPECTRE are most easily summarized according
to the participating groups at the University of Maryland, Denver University, the University of Wisconsin, and NASA Greenbelt. These are discussed in turn below. The calculations show that the maximum random (rms) error in the spectral radiance is abou_ 1.5% per Kelvin temperature error and about 0.8% per percent relative humidity error. In general, the efl'ects of systematic errors are larger than the random errors by about a factor of 2. Nevertheless, the results show that with the expected 5% humidity and and 0.5 K temperature errors, the errors in the calculations should be kept below about 8% in the regions of relatively strong lines and below about 5% in weakly _bsorbing regions. These should allow much more stringent tests of the parameterizations of the H20 continuum than heretofore possible.
University of iV_aryland
Our original proposal anticipated the purchase of a tethersonde system for obtaining temperature, water vapor and ozone profiles in the lowest few hundred meters where the remote sensing techniques are blind. However, we have located a group at NASA Wallops that has considerable experience with such a tethersonde and is willing to participate in
SPECTRE.
Therefore, we are requesting permission from DOE (in a separate action) to use the tethersonde equipment funds for a subcontract to the Wallops group,
Denver University
This group, led by Professor David Murcray, has supplied the following progress report.
The major objective of our participation in SPECTRE is to obtain atmospheric emission spectra and solar absorption spectra under conditions where the atmospheric physical parameters are well measured. The major thrust will be to obtain data during
FIRE--CIRRUS in November and December 1991. For the data to be of maximum use in
the comparison of radiation codes the absolute accuracy of the experimental data should be as high as possible. The system which we will use to obtain the atmospheric emission data will be an improved version of a system which we installed at the South Pole in December 1989. The system has been operating for the past year with minimum operator interaction.
Selected spectra obtained during the Austral winter indicate that the system was operating properly even when the air temperature was as low as -60°C. In order to determine the absolute accuracy of the spectral data we have compared the observed spectra with spectra calculated using our radiation code. These comparisons indicate that calculations agree with the experimental data in the CO2 regions to within the accuracy of the temperature data. These comparisons, however, have been made for a very limited data set. The data recorded during the year are being brought from the Pole and will be available after the first of the year. The comparisons will be continued on these data sets.
The basic emission instrument for SPECTRE was purchased and it was delivered to us in September. Modifications to the instrument have begun. The solar Spectral data will be obtained with our balloon-borne solar spectrometer system. This system employs an interferometer to obtain very high resolution spectral data. Interferometers are routinely used for obtaining spectra data, however, there is a great deal of mathematical manipulation required to convert interferograms to spectra. This gives rise to the question of the accuracy of the various computer programs used to process the interferogram to spectra. In order to determine the accuracy of the software developed by various interferometer manufacturers _ve are currently engaged in a comparison of very high resolution solar spectra obtained using instrumentation and software supplied by BOMEM with spectra obtained with BRUKE hardware and software. Initial comparisons indicate both systems give comparable results with any differences being very small. This study is continuing and will be extended to include data obtained under a variety of conditions. Specific accomplishments to date include system design and procurement efforts, tests of an improved approach to calibration, tests of the prototype blackbody temperature control and monitoring subsystem, and software development.
University of Wisconsin
The overall system design has been established, using our current "Baby HIS" prototype instrument as a guide. The system components include a commercially available spectrometer, calibration reference sources and a scene switching mirror, a control and monitoring subsystem, and a data acquisition and analysis subsystem. The system for SPECTRE will also include an uplooking video camera for cloud monitoring. The sensitivity analysis and the spectrometer tests give us much more confidence that the field experiment will yield the quality of data necessary to make a significant tests of and improvements to radiative transfer models used in climate studies.
